Supplemental Figures
(A) Overnight cultures of Shigella were diluted 1/100 and grown to the indicated bacterial density. Cultures were then inoculated into PMEE buffer, cytoplasm extract prepared from HCT 116 cells (Cyto), or tryptic soy broth (TSB). Samples were taken at 1 and 2 hours post inoculation and plated to determine growth rate. (B) ELISA measurement of IL-8 released from digitionin permeabilized wild-type, NOD1/2 double knockout, TIFA knockout, or NOD1/2 double knockout cells expressing a TIFA targeting shRNA, each exposed to the indicated fraction from 2 h Shigella cultures. Cell-free supernatants (CFS), or soluble lysate (Sol. lysate) were harvested from log phase bacteria cultured in cytoplasm extracts (Cyto) or tryptic soy broth (TSB) for 2 hours at 37°C. Where indicated, fractions were treated with proteinase K and nuclease (Benzonase ®) for 1 hour before treatment. Results are mean ± STD, and are representative of 3 independent experiments. Invasive Shigella flexneri induces membrane ruffling and engulfment by epithelial cells through its type 3 secretion system (T3SS). Shigella quickly escapes the entry vacuole, and in the process, releases peptidoglycan fragments (Pg.) into the cytosol that are detected by NOD1, driving the first wave of NF-κB activation observed during infection. Following vacuolar escape, Shigella multiplies readily in the host cytoplasm, releasing the metabolite heptose 1,7-bisphosphate (HBP) which is detected by the TIFA-dependent surveillance pathway. Exposure to HBP induces TIFA phosphorylationdependent oligomerization, recruitment of the ubiquitin ligase TRAF6, the kinase TAK1, and propagation of the canonical NF-κB signalling pathway. Whereas NOD1 alerts to the immediate breach of the cytosol, TIFA informs to the degree of bacterial proliferation, and therefore, the amplitude of the inflammatory response.
Supplemental Experimental Procedures

Construction of Shigella mutants
To construct ΔackA and Δpta mutants, knock-out cassettes were generated using PCR with the indicated primers to amplify linear fragments of DNA containing the kanamycin resistance gene flanked by 150-460 bp of homology sequence to the gene of interest using the pta::kan or ackA::kan deletion mutant strains from the Keio collection as template (Baba et al., 2006) . The following primers were used: pta 5¢-ggtacccgtcctgcggtggttatccc-3¢ and 5¢-caccaacgtatcgggcattgccc-3; ackA 5¢-cgcgattttcgacaaagaccggggcaaggcg-3¢ and 5¢-cagcggttcagcggccgtcgtggtggaagagttcgc-3¢. To prepare template, a colony from the appropriate Keio mutant strain was suspended in 100 µL of distilled water and 1 µL was added to the 25 µL PCR reaction. Knock-out cassettes were purified using a PCR purification kit (Qiagen) and used for l red-mediated recombination to create the mutants as described previously (Sidik et al., 2014) but with kanamycin used in the recovery media. Integration of the knock-out cassette at the desired location was confirmed by PCR with the reverse primer used to create the knock-out cassette and the indicated forward check primers pta 5¢-cggtggttccgtttctgctatccgcaacggt-3¢; and ackA 5¢-gcaggcgacggtaacgttcagcatttgccgg-3¢ upstream of the region deleted for each mutant.
S. flexneri M90T ΔhldE and ΔwaaC deletion mutants were generated by allelic exchange using a modified protocol of lambda red-mediated gene deletion (Datsenko and Wanner, 2000) . Briefly, the S. flexneri M90T hldE and waaC deletion mutants were obtained by amplifying the kanamycin cassette of the pkD4 plasmid by PCR with the following primers: hldE: 5¢-atggtattatcgcgcgcaaattttgaatctctcaggagacaggaatgaaatgtgtaggctggagctgcttcg-3¢ and 5¢-taggcctgcctgctacgaagcgagatctgtgaaccgctttccggttagcccatatgaatatcctccttag-3¢ ; waaC 5¢aaaggtgacgctgcggagggttatcaccagagcttgatcgacattactccccagcgcgtactggaagaactcaacgcgctattgttacaagaggaagcctgacggatgcgggttt tgtgtgtaggctggagctgcttcg-3¢ and 5¢ccttgtaatcccacccaaaaaataggtggtaatgaataagaatacgagagctctgttccagtacgctatccagttttttttctcgagag agaaaaataatgttgaggtcatcttatctccatatgaatatcctccttag-3¢. The purified PCR product was electroporated into the wild-type strain expressing the genes for lambda red recombination from the pKM208 plasmid (Murphy and Campellone, 2003) . Recombinants were selected on TSB plates containing 50 µg ml-1 of kanamycin. Single colonies were screened by PCR.
Real-time quantitative PCR
RNA was isolated using an RNeasy kit (Qiagen) per manufacturer's protocol and treated with TURBO DNase (Life Technologies). cDNA was synthesized using the iScript cDNA synthesis kit (Bio-Rad) and amplified using SsoAdvanced SYBR Green (Bio-Rad) using a C1000 thermal cycler (Bio-Rad). Human target genes were amplified using the following primers: GAPDH 5¢-ttgaggtcaatgaaggggtc-3¢ and 5¢-gaaggtgaaggtcggagtca-3¢; IL8 5¢-agcactccttggcaaaactg-3¢ and 5¢-cggaaggaaccatctcactg-3¢; TIFA 5¢-caaacaggtttcccgagttca-3¢ and 5¢-tgtccacgatcagattggtctt-3¢. NOD1 5¢-gcagaaaccgaaggaaattg-3¢and 5¢-ggctgcgaagtctgtaaacc-3¢; NOD2 5¢-gccaatgggactggtaattc-3¢ and 5¢-atcttcacaccgtcccagag-3¢ IFNB1 5¢-tggagaagcacaacaggaga-3¢ and 5¢-aacctttcgaagcctttgct-3¢. Murine targets were amplified with the following primers: Tifa 5¢-gccactggaagactctcagg-3¢ and 5¢-aacgtatactggcacatgttgg-3¢, Gapdh 5¢-tgagcaagagaggccctatc -3¢ and 5¢-aggcccctcctgttattatg -3¢; Cxcl1 5¢-actgcacccaaaccgaagtc -3¢ and 5¢-tggggacaccttttagcatctt-3¢; Cxcl2 5¢-ccaaccaccaggctacagg -3¢ and 5¢-gcgtcacactcaagctctg-3¢. Amplification efficiencies were calculated for each primer pair. Relative expression was calculated using the 2 -DDCT method following normalization of target gene abundance to GAPDH.
Immunoprecipitation and immunobloting FLAG-TIFA was immunoprecipitated using FLAG M2 agarose (Sigma). Cells were lysed in 50 mM HEPES-KOH pH 8.0, 100 mM KCl, 2 mM EDTA, 0.1% NP40, 10% glycerol. Soluble cell lysates were pre-cleared for 2 h with mouse IgG agarose (Sigma) and immunoprecipitated overnight at 4°C. Proteins were eluted using 3X FLAG-peptide (Sigma). TRAF6 was immunoprecipitated using rabbit anti-TRAF6 (sc-72201; Santa Cruz) or mouse anti-TRAF6 (sc-8409; Santa Cruz) conjugated to protein A/G PLUS-agarose (Santa Cruz) and eluted in sample buffer. Antibodies used for immunoblotting were the following: TRAF6 (sc-8409; Santa Cruz), P-SAPK/JNK (9251; Cell Signaling), phospho-IκBα (14D34; Cell Signaling), NF-κB p65 (sc-372; Santa Cruz), β-Actin (A1978; Sigma), phospho-TAK1 (4508; Cell Signaling), K63-linked polyubiquitin (5621; Cell Signaling) MyD88 (sc-11356; Santa Cruz). Pooled-serum from mice immunized with His-tagged purified recombinant human TIFA was used to visualize endogenous TIFA in whole cell lysates.
Immunofluorescence microscopy HCT 116, or HEK 293T cells were seeded on collagen-coated glass coverslips, infected with Shigella M90T, or Shigella M90T expressing mCherry, fixed with 4% paraformaldehyde at the indicated time, and permeabilized with 0.2% Triton-X100. Staining was done overnight at 4°C with mouse anti-FLAG (M2; Sigma) or rabbit anti-p65 (sc-109; SantaCruz) followed by Alexa Fluor-488 anti-mouse or anti-rabbit (Life technologies). Coverslips were mounted with ProLong® Gold Antifade Mountant with DAPI (Life Technologies). Slides were visualized using an Axio Observer 7.1 inverted microscope (Zeiss) using ZEN 2 (Blue edition) pro-imaging software. For analysis, images were processed using ImageJ software.
Knockout cell line generation
Construction of HEK 293T TIFA knockout cells have been described previously (Gaudet et al., 2015) . To generate HCT 116 (HCT) knockout cell lines, TIFA targeting RNA sequences 1: 5¢-cagatgacggtttaccatcc-3¢, or 2: 3¢-tgtgtcagcatcttcaaaac-5¢, NOD2 targeting 5¢-ctctcctgggaggactacga-3¢ and NOD1 is 5¢-tgtgggggtgagactctgat-3¢ were designed using software available at http://crispr.mit.edu. Double stranded templates were generated from single stranded oligonucleotides and cloned into hSpCas9-2A-Puro (pX459) or LentiCas9-Blast (Addgene) as described previously (Ann Ran et al., 2013) . Polyclonal cleavage efficiencies were evaluated using SURVEYOR mutation detection kit following transfection or transduction (Transgenomic). To generate the TIFA knockout, pX459-guide1 and px459-guide2 were co-transfected into HCT cells. To generate NOD1 and NOD2 double knockouts, NOD2 knockout cells were transduced with the NOD1 construct and isolated by blastidicin selection. Following transfection or transduction of each guide RNA into HCT cells and selection with 2 µg/ml puromycin, or 10 µg/ml blasticidin single cell clones were obtained by limiting dilution. Expanded clones of the desired genotype were selected by cloning and sequencing of the TIFA, NOD1 or NOD2 genomic To assess CRISPR/Cas9 indel mutation, PCR products from target locus were sequenced by SANGER. The TIFA knockout contains a homozygous 62 base pair deletion (7-69) causing a frame-shift and lack of protein expression as determined by western blot. To assess functional assay, each cell line was tested by NF-κB luciferase activity loss.
qPCR assessment of TIFA expression in primary tissues
Pre-normalized cDNAs derived from poly(A)-selected DNase-treated RNAs purified from pools of healthy human digestive system tissues were obtained from Clontech (lot# 1408485A). For murine tissues, 12 week old FVB mice (Charles River) were euthanized and solid organs were removed and immediately frozen at -80°C. Total RNA was isolated following Trizol extraction using RNA purification kit (Ambion). cDNA was synthesized and qPCR performed as described above.
Heptose-1,7-bisphosphate (HBP) synthesis HBP was synthesized enzymatically from sedoheptulose-7-phosphate (Sigma) using recombinant GmhA and HldA purified from N. meningitidis as previously described (Gaudet et al., 2015) . Briefly, N. meningitidis gmhA, and hldA, genes were amplified and cloned into pET28a (Novagen). E. coli BL21(DE3) were transformed, selected with 50 µg/ml kanamycin, and starter cultures grown to an OD 600 = 0.6. Cultures were induced with 0.5 mM IPTG for 4 h and harvested by centrifugation. Pellets were resuspended in lysis buffer: 50 mM TRIS pH 8.0, 300 mM NaCl, 10 mM imidazole, 3 mM 2-mercaptoethanol. Clarified lysates were prepared by sonication followed by centrifugation at 20,000 x g for 30 min. Proteins were purified with Ni-NTA agarose (Qiagen) using the Amicon ® Pro purification system with 10 kDa cut-off (Millipore). Proteins were eluted in lysis buffer containing 300 mM imidazole and buffer exchange was done using 50 mM HEPES pH 8.0, 100 mM KCl, 1 mM DTT. Enzymes were stored in 50% glycerol or at -80°C. HBP was enzymatically synthesized in the following reaction: 20 mM HEPES pH 8.0, 20 mM KCl, 10 mM MgCl 2 , 2 mM sedoheptulose 7-phosphate (Sigma), 4 mM ATP, 2 µg GmhA, and 3 µg HldA. Reactions were stopped by incubating at 95°C for 10 min, and then passed through a 0.22 µm filter.
To purify HBP from the reaction mixture, enzymes were removed using an Amicon 3 kDa Ultra Centrifugal filter (Millipore), and the flow-through was passed twice through a C18 Sep-Pak® cartridge (Waters) to remove all non-polar contaminants. The flow-through was then applied 3 times to an Extract-Clean TM Pourous Graphite Carbon (PGC) column (Grace) pre-conditioned with 90% acetonitrile, 10 mM ammonium bicarbonate (Sigma). The column was washed with H 2 O containing 10 mM ammonium bicarbonate, and eluted using a 0.5% gradient of acetonitrile in H 2 O containing 10 mM ammonium bicarbonate (1-30%). Fractions were lyophilized, re-suspended in 20 µl H 2 O and 1 µl/well was added to digitonin permeabilized HEK 293T cells in permeabilization buffer. After 15 min, cells were washed and placed in complete DMEM for 4 hours before luciferase activity was determined. Fractions with activity were pooled, lyophilized, and re-suspended in H 2 O.
Lentivirus production and infection pLKO.1-based lentiviral particles were produced as previously described (Moffat et al., 2006) . For each gene targeted, a minimum of 5 shRNAs were first tested for effective titer using alamarBlue viability assays (Life Technologies) according to manufacturer's protocol, and for gene silencing using real-time qPCR or western blot. Target cells were infected at an equal titer in media containing 8 µg/ml polybrene. 24 hours later, cells were selected with 2 µg/ml puromycin. Cells were infected, or harvested after 72 hours of puromycin selection and knockdown efficiency was again confirmed by qPCR or western blot.
Cytoplasm extractions, and digitonin assays
Mammalian cytoplasm was extracted essentially as previously described (Beuzón et al., 2002) . Briefly, 1 x 10 9 HCT 116 cells were scraped into PBS, washed and re-suspended in 0.5 ml ice-cold PMEE (35 mM PIPES pH 7.4, 5 mM MgSO4, 1 mM EGTA, 0.5 mM EDTA, 250 mM sucrose). Cells were lysed by passaging through a 21G needle, subject to freeze-thaw, and clarified by centrifugation. Cleared lysates were then centrifuged at 150 000 x g for 1 h at 4°C, with the supernatant used directly for growth assays. Overnight cultures of Shigella were subcultured and grown to a final OD 600 of 0.1 (lag), 0.5 (log), or 2 (stationary), washed, and used to inoculate cytoplasm extracts at the desired bacterial density. Following 2 h shaking at 12°C or 37°C, a 10 µl aliquot was removed for CFU enumeration, bacteria were pelleted, and the supernatant (CFS) filtered through a 0.22 µm SpinX filter. Where indicated the CFS or were normalized to final CFU/ml before treatment. Overnight cultures of E. coli ΔhldE and ΔwaaC were washed and diluted 1/80 in LB media, grown for 6 h until each reached an OD 600 of 0.6 and then re-suspended in an equal volume of fresh LB and grown for an additional 2 h at 37°C before the CFS was processed as per Shigella. Reversible digitonin assays were performed as previously described (Girardin et al., 2003) . Briefly, cells were stimulated for 20 minutes in permeabilization buffer (50 mM HEPES, pH 7, 100 mM KCl, 3 mM MgCl 2 , 0.1 mM DTT, 85 mM sucrose, 0.2% BSA, 1 mM ATP and 0.1 mM GTP in the presence or absence of 5 µg/ml digitonin, washed 3X, then incubated for 4 to 6 h in complete growth medium before supernatants were harvested for ELISA measurements or luciferase assay.
Supplemental References
